INTRODUCTION
============

According to the WHO report in 2003, dental caries affects around 60--90% of children worldwide.^[@B1]^ Not only the developing countries but the children residing in developed countries are affected with caries.^[@B2],[@B3]^ In primary dentition, the most commonly affected teeth are the primary molars.^[@B4]^ If left unmanaged, dental caries progresses to involve pulp leading to pain and infection, the consequences of which are unnecessary suffering that cannot be contained with pharmacological means.^[@B5]^ Despite the knowledge on prevention, a big proportion of caries in pediatric patients is unfortunately left untreated.^[@B6],[@B7]^ The lack of care is attributed to problems such as inaccessible dental care, lack of affordability, inadequate dentist training, unrealistic patient\'s expectation, child\'s inability to cooperate and the desire of not to frighten the child by refraining away from the required intervention.^[@B7]--[@B9]^ Untreated caries can have a social bearing on the child\'s quality of life as well as economic consequences on the parents. Therefore, timely management of carious primary molars is essential to prevent premature tooth loss, to maintain physiological space for the developing permanent molars, and to help in speech and mastication, thus enhancing self-confidence and provide improved quality of life of the pediatric patients.^[@B10]^

Conventionally, a cavitated carious lesion is managed with a directly placed dental restoration. A variety of restorative materials including dental amalgams, composite resins, compomers, and resin-modified glass ionomer have been used to treat carious primary teeth.^[@B11]--[@B13]^ However, despite the advancement in the restorative dentistry and dental material sciences, tooth preparation is usually needed to place a restoration. Tooth preparation in deeper lesions require need of local anesthetics, has the potential to expose dental pulp, and can lead to a structurally weakened tooth structure. Sometimes, the primary tooth is already too compromised (particularly in cases of multi-surface decay) at the presentation, making the restorative procedure challenging and that too in a patient that is young and mostly apprehensive.^[@B14]--[@B16]^

Preformed metal crowns have shown significant clinical success and are considered as a favorable restorative option for moderate to severe caries involving two or more surfaces of primary molars.^[@B4],[@B16]^

The durability of preformed metal crowns is its fundamental advantage over a multi-surface directly placed restoration with a documented 5-years survival rate reaching up to 100%.^[@B17]^ The preformed metal crowns are less technique sensitive and offers coronal coverage to the affected tooth.^[@B18]^ Despite being gold standard treatment modality and being favored by the specialists, preformed metal crowns have not yet become the part of routine treatment in UK.^[@B19]--[@B21]^

The placement of stainless steel crown is sometimes challenging as it requires patient cooperation, which is difficult to achieve in pediatric patients. For the purpose of simplifying the procedure and making it receptive to the patients, Dr Hall devised a technique of stainless steel crown placement in children that does not require local anesthesia, or caries removal or any sort of tooth preparation.^[@B22]^ This technique is based on the scientific evidence that caries progression gets arrested once an effective marginal seal is achieved.^[@B23]^ A properly placed stainless steel crown denies the cariogenic bacteria of an environment that is conducive for acidic demineralization of the inorganic and proteolytic disintegration of the organic component of the tooth structure. Randomized controlled trials performed to assess the effectiveness of Hall technique (HT) have shown favorable results.^[@B24]--[@B27]^

Innes et al.^[@B28]^ did a systematic review on the effectiveness of preformed crowns on carious primary molar teeth but were unable to draw any inference on the success and longevity of crown placed with conventional technique compared to those placed with HT. Thus, there is a lack of highest level of evidence regarding the superiority or noninferiority of the either of the techniques in the management of carious primary molars. The present systematic review is, therefore, planned to explore the effectiveness of HT in the management of carious primary molars.

MATERIALS AND METHODS
=====================

The systematic review was carried out using the PRISMA guidelines.^[@B29]^ The focused question according to PICOS framework was following:

1.  Population: Children with asymptomatic carious primary molar teeth.

2.  Intervention: Placement of a crown according to the Hall technique.

3.  Comparison: Caries removal followed by standard control restorations or stainless steel crown.

4.  Outcome: Retention of deciduous tooth and/or absence of pulpal symptoms.

5.  Studies: Randomized controlled trials, quasi-experimental studies, cohort, and retrospective studies.

Search Strategy
---------------

Following the registration of the systematic review protocol with PROSPERO (Reference \# CRD42015020445), an advanced search was carried out in five major databases including PubMed, CINAHL plus, Cochrane library, Dentistry and Oral Sciences, and Scopus. The MeSH keywords used for the search included ("Hall technique" OR "hall\'s technique" OR "preformed metal crown" OR "preformed stainless steel crown" OR "steel crown") AND ("caries" OR "carious molar" OR "deciduous tooth OR "baby tooth" OR "milk tooth" OR "primary tooth." In all the databases, the filter was included for articles in English language carried out in both genders of human population. In addition to this, hand search was performed using the mentioned keywords in clinical trial registries (clinicaltrials.gov and BMC trial registry), IADR and Cochrane databases and Google Scholar for the recent studies. Furthermore, in the search of grey literature, SIGLE (opengrey.eu) and [greylit.org](greylit.org) databases were explored which also contained articles and theses in languages other than English. For the registered protocols mentioned in the trial registries, authors were contacted regarding the estimated time remaining for the results.

Selection Criteria
------------------

Inclusion criteria for the selected studies include English language research articles with full-text manuscript. In addition to that all clinical trial, randomized clinical trials, case control and cohort studies on the relevant topic were included, whereas case reports, case series, narrative reviews, single-arm longitudinal studies, and *in vitro* studies were excluded. The abstract without full-text articles were also excluded from conducting and reporting of the present systematic review. Furthermore, only those comparative studies were included which had a minimum follow-up period of three months. The PRISMA flow diagram is shown in [Flowchart 1](#FL1){ref-type="fig"}.

Data Extraction
---------------

Articles retrieved after the literature search were reviewed by the study investigators to exclude studies that were duplicated or irrelevant. Further screening of the remaining articles was performed by two reviewers independently, to assess the eligibility of the potential articles to be included for the systematic review. In case of any disagreement at this stage, the third author was consulted. From the finally selected articles, the relevant information was retrieved including participant age, teeth treated, type of intervention, follow-up period, longevity of restoration, success or failure, and presence of any clinical or radiographic signs of pulpal pathology on a customized proforma. Furthermore, the studies having quantitative data were subjected to meta-analysis to compute a summary effect on the risk ratio. Random effect model was adopted as it was assumed that the trials have variability in the conduct and reporting of outcomes. Heterogeneity was determined with *I*^[@B2]^ statistics.

Risk of Bias Assessment
-----------------------

The guidelines of the Cochrane Collaboration\'s Tool for assessing risk of bias in randomized trials^[@B30]^ were followed for the selected clinical trials. This included the evaluation of random sequence generation, allocation concealment, blinding of participants, blinding of outcome data, selective reporting, and other biases in the included clinical trials. The assessments of these parameters were marked as of high, low, or unclear risk. The risk of bias for the retrospective studies was also evaluated using the Agency for Healthcare Research and Quality (AHRQ) criteria (as shown in Annexure).^[@B31]^

These assessments were carried out by two authors with discussion and mutual agreement. In case of any disagreements or discrepancies, the opinion of the third reviewers was sought and that was considered final.

RESULTS
=======

Description of Studies
----------------------

A total of 900 articles and abstracts were retrieved ([Flowchart 1](#FL1){ref-type="fig"}). After initial exclusion of studies, ten studies were found to be relevant to the research question. Studies conducted by Innes et al.^[@B27]^ and Santamaria et al.^[@B24],[@B25]^ were found to be published with different follow-ups; therefore, studies^[@B24],[@B25],[@B27]^ with less follow-ups were excluded to control the duplication of studied data. Trial protocols by Tonmukayakul et al.^[@B32]^ and Hesse et al.^[@B33]^ were also excluded on account of nonavailability of the study results as they were expected to be published later. While searching for grey literature in SIGLE, out of 72 studies only one doctoral thesis was found to be relevant.^[@B34]^ It was in French language which was translated to English; however, it was excluded due to lack of any intervention provided by the investigators. Finally, only five studies^[@B26],[@B35]--[@B38]^ were evaluated in the present systematic review. After data extraction and critical analysis, three studies^[@B26],[@B37],[@B38]^ with numeric data on the success of HT were subjected to the meta-analysis ([Fig. 1](#F1){ref-type="fig"}).

![PRISMA flow diagram](ijcpd-12-445-g001){#FL1}

![Forest plot showing success of Hall technique vs conventional restoration](ijcpd-12-445-g002){#F1}

General Characteristics of Included Studies
-------------------------------------------

Out of five studies, the total number of teeth assessed were 1775 ([Table 1](#T1){ref-type="table"}). Of these, 1325 teeth were restored using HT and the rest were restored with other techniques including conventional restorations or nonrestorative care. The three clinical trials had 280 teeth managed with HT whereas 1,045 teeth were restored with the same in the two retrospective studies. The follow-up period for the evaluation of teeth restored using HT varied from 15 months to 5 years.

[Table 2](#T2){ref-type="table"} shows the outcome described in the included studies. Innes et al.^[@B35]^ conducted a retrospective analysis of 978 preformed metal crowns which were followed for 5 years. This study showed that the preformed metal crowns cemented using HT showed 67.6% survival at 5 years follow-up. Ludwig et al.^[@B36]^ performed a chart review of already placed crowns using HT that were followed-up till 37 months and reported 97% success rate of the treatment, as opposed to the 94% of ascribed success of crowns cemented with traditional technique.

###### 

Study characteristics

  *Author*                    *Journal and year*      *Study location*   *Participant\'s age*                   *Analysis method*           *Study design*                         *Reported follow-up*   *Teeth included (n)*   *Contribution (%)*
  --------------------------- ----------------------- ------------------ -------------------------------------- --------------------------- -------------------------------------- ---------------------- ---------------------- --------------------
  Innes et al.^[@B26]^        J Dent Res 2011         Scotland           3--10 years                            Clinical and radiographic   Split mouth randomized control trial   5 years                264                      14.8
  Santamaria et al.^[@B37]^   Caries Res 2017         Germany            3--8 years                             Clinical                    Randomized control trial               2.5 years              169                       9.5
  Boyd et al.^[@B38]^         Int J Paed Dent. 2018   New Zealand        5--8 years                             Clinical and radiographic   Quasi-experimental                     2 years                180                      10.1
  Innes et al.^[@B35]^        Br Dent J 2006          Scotland           5 years and 9 months (mean age)        Clinical                    Retrospective analysis                 3 years and 5 years    978                      55
  Ludwig et al.^[@B36]^       J Am Dent Assoc 2014    USA                5.3 years for Hall (mean age)          Clinical and radiographic   Retrospective charts review            4--37 months           184                      10.3
                                                                         5.9 years for traditional (mean age)                                                                                                                    
  Total                                                                                                                                                                                                   1775                   100%

###### 

Effectiveness of Halls technique observed in the included studies

  *Author*                                 *Study design*                *No. of teeth assessed (n = 1775)*   *Number of teeth restored with Hall technique (n = 1325)*   *Outcome*                               *Survival/success*
  ---------------------------------------- ----------------------------- ------------------------------------ ----------------------------------------------------------- --------------------------------------- --------------------
  Innes et al.^[@B26]^                     Randomized controlled trial   264                                  132 (91 were analyzed)                                      Success, major failure, minor failure   92% (Hall)
  52% (control)                                                                                                                                                                                                   
  Santamaria et al.^[@B37]^                Randomized controlled trial   169                                  52 (40 were analyzed)                                       Success, major failure, minor failure   92.5% (Hall)
  70% (nonrestorative caries management)                                                                                                                                                                          
  67% (conventional)                                                                                                                                                                                              
  Boyd et al.^[@B38]^                      Quasi-experimental            180                                  96 (84 were analyzed)                                       Success, major failure, minor failure   94% (Hall)
  68% (plastic restorative material)                                                                                                                                                                              
  Innes et al.^[@B35]^                     Retrospective analysis        978                                  978                                                         Survival of preformed metal crown       73.4% (3 years)
  67.6% (5 years)                                                                                                                                                                                                 
  Ludwig et al.^[@B36]^                    Retrospective charts review   184                                  67                                                          Success of PMC crown                    97% (Hall)
  94% (traditional)                                                                                                                                                                                               

###### 

Quality assessment of included clinical trials

  *Author*                    *Type of study*      *Randomization*   *Allocation concealment*   *Blinding*   *Incomplete outcome data*   *Risk of bias*
  --------------------------- -------------------- ----------------- -------------------------- ------------ --------------------------- ----------------
  Innes et al. ^[@B26]^       RCT                  Yes               Yes                        No           Unclear                     Low
  Santamaria et al.^[@B37]^   RCT                  Yes               Yes                        No           Low                         Low
  Boyd et al.^[@B38]^         Quasi-experimental   No                Yes                        No           Low                         Medium

###### 

Quality assessment of included retrospective studies using AHRQ criteria

  *Author*                *Item 1*   *Item 2*   *Item 3*   *Item 4*   *Item 5*   *Item 6*   *Item 7*   *Item 8*   *Item 9*   *Item 10*   *Item 11*   *Total quality score out of 11*
  ----------------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------- ----------- ---------------------------------
  Innes et al.^[@B35]^    Yes        Unclear    Yes        Yes        No         Yes        No         No         Unclear    Yes         No          5
  Ludwig et al.^[@B36]^   Yes        Yes        Yes        Yes        No         Yes        Yes        No         No         Yes         Yes         8

The agency of healthcare research and quality (AHRQ) criteria

Innes et al.^[@B26]^ carried out a split mouth randomized controlled clinical trial comparing HT with other restorative options. After 5 years of follow-up and evaluation of major and minor failures, it was evident that HT outperformed the conventional restorations. HT had only 3% failures compared to 16.5% failure in the conventional restorations. Santamaria et al.^[@B37]^ compared HT with the conventional treatment (and as well as nonrestorative treatment). This study had 2.5 years follow-up, and their results further consolidate the evidence in favor of HT.

Risk of Bias
------------

Quality assessment of the included studies is shown in [Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. Being randomized controlled trials, Innes et al.^[@B26]^ and Santamaria et al.^[@B37]^ showed low risk of bias. However, Boyd et al.\'s study,^[@B38]^ which is a quasi-experimental study, lacked randomization of the participants and therefore showed medium risk of bias. Owing to the nature of intervention, blinding of the participant and care providers was not possible in the trials. For retrospective studies,^[@B35],[@B36]^ the AHRQ criteria^[@B31]^ were adopted, the result of which is shown in [Table 4](#T4){ref-type="table"}.

DISCUSSION
==========

The objective of the present systematic review was to evaluate the effectiveness of HT in the management of carious primary teeth. The stringent inclusion criteria allowed the scrutiny of the studies; thus, only five studies were finally evaluated to get an unbiased answer to the research question.

Of the included studies, three compared stainless steel crown placed with HT with various control restorations.^[@B26],[@B36],[@B37]^ Innes et al.^[@B26]^ conducted a split mouth randomized control trial in which they compared stainless steel crowns placed with HT with the control restoration in the contra lateral tooth. This control restoration was determined to be any restoration placed by the clinician. Santamaria et al.^[@B37]^ compared the success of HT with nonrestorative caries treatment and conventional restorations. Ludwig et al.^[@B36]^ in their retrospective study compared crowns placed with HT and crown placed after conventional preparation of the tooth structure. Innes et al.^[@B35]^ conducted a retrospective analysis too where they evaluated Hall technique without any comparator. These studies inferred HT as a successful treatment modality for the management of carious deciduous molars. This technique is found to be equally effective compared to alternative options which are aggressive and require cooperation from the pediatric patient.

The authors of the included studies^[@B26],[@B35]--[@B38]^ followed cases up to 5 years (range 4 months to 5 years) and evaluated the success or survival of crowns cemented with HT. The criterion for success was the presence of crown on the affected tooth or tooth exfoliated without any signs or symptoms that required any further intervention. In contrast to this, teeth that showed signs of irreversible pulpitis or dental abscess, inter radicular radiolucency, restoration loss, or tooth became nonrestorable were considered as failure.^[@B26],[@B35]--[@B38]^

HT exhibited considerably higher success or survival rate as opposed to other directly placed restorations.^[@B24],[@B26],[@B37]^ While comparing preformed crowns placed with traditional technique (involving removal of the carious dentine under local anesthesia) with HT, it was found that HT had a comparable or even higher success rate.^[@B36]^ It can, therefore, be speculated that placement of stainless steel crown is more predictable treatment option whether placed with or without HT for the management of carious primary molars. Innes et al.^[@B35]^ also documented high survival rate for crowns placed with HT. However, due to the retrospective design and lack of comparison group in the two studies,^[@B35],[@B36]^ the conclusions were not robust.

The limitation of the present systematic review is that it is unable to evaluate the attitude of patients and clinicians over HT. Only Santamaria et al.^[@B25]^ in the preliminary report of the trial evaluated the children behavior, pain perception during treatment, and dentist opinion regarding treatment. They concluded that HT and nonrestorative technique were shown to be better tolerated by children as opposed to conventional restorative management. However, the level of comfort described by children was same for all the groups. Furthermore, a trial by Tonmulayakul et al.^[@B32]^ is currently underway. That trial is likely to determine the clinical outcomes including the cost effectiveness of the stainless steel crowns placed on the carious primary molars, thus would generate more information on HT. A trial by Hesse et al.^[@B33]^ is also in progress which is aimed at the outcomes of Atraumatic Restorative Technique and HT in the scenario of limited resources and technically challenging situations.

The meta-analysis done over three trials on the comparison of HT vs conventional methods of restoring primary carious teeth showed that HT is far more successful than the comparative treatment modalities 5.55 (3.31--9.30; *p* value \< 0.001).

HT is in the profession for more than a decade with its effectiveness proven with a number of studies, and its practice is still limited to pediatric dentists.^[@B23]^ General dentists have still not internalized the HT technique and it appears that they are hesitant in adopting this approach. A probable reason might be the fact that it is in conflict with teaching operative dentistry in schools where mechanical debridement is the essential prerequisite of any restoration.^[@B23]^ However, due to improved understanding of cariology, and high-quality research evidence in the form of systematic review and meta-analysis, it can be speculated that in the future, HT will be not only be incorporated in the curriculum of dental schools but will be practiced by all dentists who offer restorative care to children. This will help in saving lot of financial resources and avoiding unnecessary use of sedation and general anesthesia in children.^[@B9]^

CONCLUSION
==========

Within the limitation of the present systematic review, it can be concluded that Hall technique is a not only a predictable restorative option but it has significantly outperformed the conventional method of treatment of carious primary molars. The success rate of Hall technique is 5 times that of the conventional restorative techniques.
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ANNEXURE
========

  ------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------
  **ARHQ Methodology Checklist for Cross-sectional Study**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  **Website:** <http://www.ncbi.nlm.nih.gov/books/NBK35156/>                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  The Agency for Healthcare Research and Quality               Define the source of information (survey, record review)List inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls) or refer to previous publicationsIndicate time period used for identifying patientsIndicate whether or not subjects were consecutive if not population-basedIndicate if evaluators of subjective components of study were masked to other aspects of the status of the participantsDescribe any assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome measurements)Explain any patient exclusions from analysisDescribe how confounding was assessed and/or controlledIf applicable, explain how missing data were handled in the analysisSummarize patient response rates and completeness of data collectionClarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up was obtained   Every item use "Yes", "No", or "Unclea" to judge
  ------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------
